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PULSED-POWER DIODE GENERATION OF HIGH-POWER MICROWAVES

A. L. Peratt, U. A. Hostrom, T. J. T. Kwan, ●nd L. E. ‘rhode
Advanced Concepts ●nd Plasma Applications Group

Lou Alamos National Laboratory
Loo Atamos, New Hexico fk75f45

Abstract

The &eneration of microwave radiation at &i&a-

hertz frequencies in hi&h-volta&e pulsei.power diodes

has been investi&ated with electromagnetic particle

simulations . Pulsed power in the form of a 0.5-

1.0 HV, ‘TM wave is fed to the diode via a 5-cm

diameter cylindrical stalk onto which a 30-cm

diameter cathode has been mounted, Located some

3-5 cm in front of the cathode is a foil anode grid.

As the TEfl wave propagates between the stalk and

an outer cylindrical cage (70-cm diameter) ● stream

of ●lrctrons are emitted off the stalk when the local

●lectric field excrcds ?00 kV/cm. This flow is then

●agnetically insulated and confined by the induced 90

fields rwoult]ng from the 25-SO-M currrnt flow

within the stiilk, Convex shaping of the cathorte

surface allows the ~,m:t ted ●lectrons to form a

virt,lal cathnctr beyond the grid, then phase butl(h to

producv narrow banrtwlrfth 1-GIIz microtiavrs over an

arril equal [0 thdt Of thr’ L4thO(f(,, Tbr elrrtrn-

magnet ir radiatiotl from thr dipole-llkr elrttrnn

-...on~ rentrrr{l on thr grid, whl(h follow (lORPIV

thr’ clasnir~~l Barknausell-K\Jtz drscr)l)tlo:l, ● re

r’rpurtrd

Int rodu( I1OII

Thr drvrlopmrnt (1 high-,urrrn, , pulncd-lmwt,r

n((elrtalorn h~.. npurtrd lntrrr Nt ~11 thr uNr n!

ltltollnr rrl~ilviritlt rlrclron beams to plOd(J(F mt{ ro-

Wnvrn , Elr,trot] hesm~ al m\Jlti-trtawntt pnwrt IPvrln

and mega-rl?(tr(~tl-v~)lt @nrr RiPN make it \)ONNlb)P (()

ra)nr lbr powrt of elrtlro:ll( mic; ownvr devfte~ by

Rrvrlal or(lrrn of ma~t)l(lJde, f)nr crctlal)ltlm t)v Wtl J(tl

ul!tarrigh-pourt ❑ lt rowaverd may hr pr,, du, r(t iII a

pt)lrne(l-powrr gpf:eratnr iR thr foIm*l IotI U! * rrflr(t -

IIIg electron aynt em, ‘rhradvantnurri 0! a rrflr(tftlM

●lelilrlll ayml(wl 11)[ IIldr: ●mlttr,l p(IweI malrimn ltI the

abF?lJ( * nf ●nt@lllni Utli+t. •agllr~ 1(’ f lei(tu, mlllJll(h lo-

●atl(ity, tllJ)al,ilfiy, and J’ollflKIJldt loll IJlrapllt lly.

!,) itm nlmplrsi f{bral, a r?tlr(tittu ●lrI t ron

~yrrtrm ronniatm :If ● {a( hodo and a Smml-tlatlnpatrnt

ItIdlatlodr. Klelirona ●ltt Pd ftom the (atllod~ are

●tc?le-strd by ● vc)ltase poise ●ppl ied !() I!MI ●uode -

rathodP gin}), pann thtnlJ*h tll? glid/JJtllM@, tn(l f{)tls d

virtual cathode. As a result of the po::tive poten-

tial on the ●node, electrons reflected by the virtual

cathode are ●ccelerated baci: throu~h the anode and

then oacjilate between the real and virtual cathodes

The arechanism described above was first utili7.J and

described by Barkhauaen and Xurz to prod~ce low-power

centimeter wavt-s as early as 1920 [1].

tfore recently, power levels approaching 100 Ml/

at frequencies in the range 2-13 GHz, with electron

beam power conversion efficiencies between 1.5 and

12?,, have been leported from ●xperimr.nts

low impedance pulsrd-power 8enrrators [2-5]

i?W Electromagnetic Pa_r:t2c]~ s!rnu~:t
The aystcm under investigation con

Utlllzlng

01)s—.

ernb thf,

modeling of a 13-rm rad Ju!i, ronvcx f;!cr [,!tho(ir

mparrd 3-5 cm away from a transpdl(, nt allod,. , A

750-kV tv 1-HVpulsr IS ai,pl~rd to this dJ(,(lr (nnfIR-

uratlon ● t time zero in the form 01 a TI.N w~vr

laun(hcrl into a coaxial v(rcuum rhamltitr , FIAuI(, I

illustrateti Rromrtry utldrr cont+ldt,ratlt]til. Ar.imuthtil

mjnmetry is ●ahum! tor lhe sr(iurn(r of rvellls

dcscrihed below. Thr crrmpllter code used hr!r ia

CCUBE, a 2$-dl~tigiO[)al, rPlt4tlvl*tic })1(’ r’ndr [t)],

The launched TMl wnve t[ri~tlglllar-nllflllr(l 1!1

timr) rllters tbr Irft-tiand aprtture AIIII ~lrol~dg,,tr!.

wIttlin n vacul)rn rrt ion drf Inrd by ● l, o(ltrt (V II IIII( t It)g

houndnry of ra(ijun ‘Jt)-cm and aft Innvr (oodlJrt ltig r,,d

(ntalk) 0[ radill~ 2,5 (m Klr[t) ~IIN emll of! !It,

vat hot!e mtal!t wflenrvri tftr lnciIl i,lekl tit t,rl{l

at r@n Rtfl (It) any parl of the iIInr I (( nthu(lr) lIOIIIII1.Ify

rrtrwdn 200 kV/cm, A strrtirn re~lt~u fI, t rlP{t II)II

emlaaion occurs neat the Irft-han(t apertlljr al rdfly

tlmrn ●nd tout inut, n to mJp~)’v FIF( tr(~tl~ (1111IIIK thr

rvttrn~ of the nimlJllrt loll, At time t - ‘1.~ nrt, thr

(’nthode fa(’r bpaflln to @lItlt @le(t1011t4 it) It)llr,IN1lljf

lltJSlh@IH, an Illurnt ratr(l in tile nullnr(~\Jrtlt I Iwtr ftamrn

n f FIR, 1, tme “ligl)t-u~)’” ●nd emt~x{(,tl (,f the

J’atb[)(i? f~ IMJIP Llllf OiM tbi)tl ill(fl(~trd ill t!ll , flRlll@

nn only the elert?on?! i!)atltl~ (Iff evet} thJlll 81mltla-

tion vert~x \)c)itlt, ●lt)J\# tbr (atlt, b,lr 411rlntr, *tr

pl[ltlvtl!)

tt)I timrn Rtralei lhiIII I,(} IItr, ● ton(lu~t toM pntft

ttitoIJRb t tlr t)utrt wal I-at)()(fe-{atl}(ltle nl Il}wk t bt

elerttl!a! rut rent flow thtollsll thr {athnde nlalk t~}
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●stablish ● magnetic blanket around this rod from the

self-induced ●zirauthal field. The subsequent ●lee-

tron emission from stress regions near the aperture

● re conf:ned to the stalk region as a result of the

magnetic insulation.

The field-emitted cathode electrons are acceler-

ated through the anode then buncn up to form a

virtual cathode cloud beyond the ●node. The virtual

cathode ia formed at a di6tance slightly greater than

the ●node-cathode ~ap spacin~ beyond the anode. The

virtual cathode formation ia determined by the space

charge limitiag current paramet~r,

The ●pace charge limiting current for a solid

beam within a conducting cylinder is given by 17]

17kAA=13-1)3/=
]Sc = --i+ 2~/Gy– ‘ (1)

2 -1/2where y = (1 - ~ ) , @ = v/c for clrctrons with

veiocity v, R = 22.6 cm ir the boundary rad:us beyond

the anode, ●nd ● is che radius of the relativistic

electron beam, For a l-ftev cathode emitted elt=ctron

beam whose appla:imate radius is 10 cm, l~C = 7.4 kA.

This value :S an ●stimate based upon the assumptions

of a uniformly aolld rlrrtron beam forming a virtual

cathode layer within a coaxia! outrr conductor. 1n

thr simulation figures (FiR. l), the ●lcrtron brain

emltt<d off the cathode iG nelthrr rntirrly uniform

not solid, Add. tiortally, ● fr;s[tlon of thr rl?ctr>rl

flow is bird off by thr OIJter conducting walls hry(,nd

the virtual cathode. fku.au~r of thlH, Rog(,wski ml’

●nd Fatfday CIIp sim~jlatlon dltiRn{,stlcti yirld diode

rulrtn!rn srrmrwri;)t hig),rr th~n ]S(.. A dlodo rutrrnt

of 2/ KA in mranurrd in the simulation prrts]ning t,)

FIR, 1.

Fi~urr 2 illur.tratrs the phanr-ti~.a[r srqut~n{r O,

the rrflrcI inkI ●yat~m, At time t = :3.:IIR th- el.-r-

tr,t)n hnvc rrat,hed ● msximum vr]ocity ● t the ●nl,do

t$ell, after hnvtn$ pannr{! thluugh thr ano<fr, hrRttI 10

drtelr. ratr, At 1 = 68 IIN, tl virtual [athnde han

starlrd to form ISIII! ● numhrr uf rle(trnnB ● rr

rr!l~rted tra(k l!lto I II( ●nodr HOrr -neruet 11

rlr(ttot)n rncal.r thr ●yutem t+rrrugh thr O;lIM righl-

han~~ I,outldnry TIIO*F el~ttrons trapped wf(hin thrI

potrn’ ial trul, stt trntetpd otl the ant,de un~frlgo oa(’il -

Iatlollu ● t ●n ●verage cyt 1P ttmr (~f ●llt)hl 0.66 nn.

rhe~r~l@(~ll@tiC1lln● re well-estahlinllrd hy ● time

R IIH ●ftrl plllhr lnllll!hltl~.

III sddit 1(111 t{) t he {ytif( phatlr !)rhnvinl

,I,,l>l,ted itl FI*. 2, thr vlttua) rathode aln[ omll-

lnlrx with a “wlli\). lik@” mot]w (the inward cloud
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FIR, 2. Phsnr - uparr oequrnte of thr format ion U!

reflrx~nu ●lettronn hrtwern cuthod? snd
vlrtuzl rathodr. S-me paramrtrrn UII Fig, 1.

The ordinstr is given in unitm of yll.

The microwave radiation ●nd poynting flux from

the nearly ●xial oscillating electruns are recorded

by both radial ●lectric field ●n azimuthal magnetic

field probea that ● re l.ocateti throughollt the entire

●imulat:on region. The ●zimuthal maene’ic field

measured by a probe located 6 cm off axis at the

right-hand bouodary ia shown in Fig. 3a. A Fourier

●oalysia of the temporal behavior of this field is

illustrated in Fig. 3b. The radiation emitted during

f.his aiirulation waa prim~rily at 1.52 GHz,

Additional simulations were rut for a variety of

pulse aarplitudea and gap spacings. The radiation

frequency dependency v-rsus the square root of the

voltage pule.e is given in Fig, 4 for an anode-cethode

gap of 3 cm. Not rihown is the frequency dependency

of the relatively weak rr.diation when the pulse

voltage was less than 1 HV for a 5-cm gap. Also

shown in Fig. 4 are the experimental measurements of

Hahaffey, et al who repnrted a frequency depcndenry

f- V4/Dn, wtrcre V is the anodr voltagr, D is the

cathode-virtual-csthod.e spacing, and n is 9 number

(j<n~l[2], The diode geometry conslt.ted of a

8.4-cm solid flat-faced carbon cat hodc spaced

0.8-1.6 cm from ii transpalerrt anode to wh)ch a 50-ns,

250-$50-kV pulse was applied.

The striking featurr= or the experlmenttil results

shown in Fig. 4 is thr variation of m]crchavc fre-

quency with applied voltage, Addition~lly, it hah

hrcn rrportt.d that th~ frt=quclicy rfcprrllh o!) t~lt, shape

of the cothodr [2] or anodr l)], The c,mulaL,ol)

c.!-

1’
n ,, L 1

/,1)

linw 11!1

k
!.1.
,! ‘ ,1 ,’1.! (:117

-1
m

(1, () ]},/, 2h. tl 1,[), )

Fin, 3. Time variation ●nd ftcqumrty irprttrurn of tl,r
atirnuthal nagur tic field mrasuted at thn
,iddl?, right-baud-aidr t)oundJIIy lJt the

simulation region. ‘rhe •mpl~jul!e 0( the

fi~]d fB cfVFl) ill Ill)\tlt 0! W(,/LU p
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4, Average frequency va. the square root of the

appl ied voltage for three experimental

anode-cathode spacings .snd onr simulation
spacing,

results agree with this behavior although the

frequency-voltage dependency is weaker than that

found in the lower voltage ●xperimental situations

[2-3!, We have also simulated different cathode

ahapes and wider (to 35 cm) outer’ boundary radii

beyond the anode, Frequcnries as high as 3 GHz were

obsrrv ‘d with these variations.

The lmprtiarr[e of the diode was measured by plac-

ing voltage/current probes along the outer boundaries

of the s,mu]ation region. Whibr, the time-varying

impel

c omp

istl’

allcr trndrd to be apikey, a r-suit of the

● x d;odr power flow and emisb:on chararter-

b, thr average impedance was abrru 25 f).

Conclusions—..- —. ....-

A 2$-dlmrnsiotlal, elrctromagnrtlr PIC treatment

of u ,e! lert lng elrctron syntern in a pulsed-powrr

get~rrntor has been carried out to utudy thr produc-

t 1o11 n f ul~r~-high powrr microwave , The system

u:ilir.r~ mnR[lrtic-il)nulatiot\ i n the procenfi c>f

drl vrrln~ rnrrgv to the cmthod?-tr ar]s})arrrtt-annde

diode. Radiation from ●lectrons trapped with ●

megavolt potential well of ●pproximately 6 cm total

●xtent ii. observed ●t 1.52 GM. The simulation

reaulta reported here ● re in apparerrt agreement with

earlier reported high-power microwave from a clc:ely

related experimental setup. In particular, a

frequency dependency orI the ●pplied voltage and

anode-cathode grp is meaaured, ●a well ● s a frequency

variation due to the diode shape. Simulation

iarprowements presently under study include tt,e

effects of ●lectron scattering from the anode and the

closr.re of the diode region due to inflowing plasma.
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